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Abstract
Nano sized crystallites of La0.6Sr0.4Co0.2Fe0.8O3-δ (LSCF) which is a promising cobaltite cathode material
for intermediate temperature-solid oxide fuel cells (IT-SOFCs) was synthesized by sol-gel technique and
modified sol-gel technique by Gamma irradiation methods. The structure, morphology, elemental
analyses and surface area were determined by X-ray diffraction, Field emission scanning electron
microscope and Brunauer-Emmett-Teller (BET) method. Results showed that LSCF cobaltite cathode
material has single phase perovskite product with porous structure. The morphology of the sample
synthesized by irradiation method was more porous structure and higher surface area as compared to
sample prepared by sol gel method. So, irradiation method has a pronounced effective role in
improvement of microstructure of LSCF Cobaltite cathode material.

1. Introduction
Fuel cells constitute an attractive power-generation technology that converts chemical energy directly into
electrical energy with high efficiency and low emission of pollutants. Solid oxide fuel cells (SOFCs) are
affected less by impurities compared to polymer electrolyte membrane (PEM) fuel cells. However, they
suffer from some drawbacks such as; high cost and degradation due to the high operating temperature
of SOFCs stack. In this concern, most recent studies have been focused on lowering the operating
temperature in order to decrease the cost and to extend the lifetime of SOFCs. Perovskite-type complex
oxides are of widely used in SOFCs structure due to their desirable properties, low cost and varied
applications [1].
Cathode materials should have excellent electrical conductivity and electrocatalytic activity for the
oxygen reduction reaction. It should have also adequate porosity to enable the transportation phenomena
[2]. Although La1 − xSrxMnO3 (LSM) perovskite used to be the best superior of cathodes for high
temperature SOFCs, nowadays, its application in intermediate temperature solid oxide fuel cell (ITSOFCs) is extremely restricted due to its very low ionic conductivity and pitiable electrocatalytic activity in
the lower temperature range[3]. La0.6Sr0.4Co0.2Fe0.8O3 (LSCF), Cobaltite cathode material is the best
choice for IT- SOFCs as it shows high activity, high thermal and chemical stability, high mixed electronicionic conductivity and high thermal compatibility with other fuel cell material [4].
Usually, SOFCs cathodes have been prepared using ceramic-grade materials via firing at moderately high
temperatures, which lowers the surface area and would limit the exchange current density, to overcome
this the sol–gel (SG) method is an attractive common route for the preparation of SOFC materials [5, 6].
While this method led to saving time and energy, the main advantage is the development of highly porous
structures, given very high surface areas, suitable for many applications. In general, SG processing
permits the control of the texture, composition, consistency, and essential properties of the subsequent
materials, which in turn influence the structural and electrochemical properties of these films [7, 8].
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The electrochemical concert and electrocatalytic activity of the perovskites are seriously associated with
the precise surface area of the materials; so, it is essential to measure the specific surface area of the
prepared materials. The surface area values of different perovskites can be measured by Brunauer–
Emmett–Teller (BET) nitrogen adsorption [9]. For obtaining materials with good properties, the synthesis
method is one of the parameter which is critical in determined the final morphology and microstructure of
cathodes for (IT-SOFCs). Several synthesis methods were developed for preparation of perovskite
material[10–13].
This research work aims at studying the effect of γ- ray irradiation as potent treatment in nano particles
modification and Sol-Gel synthesis on the morphology and microstructure of LSCF Cobaltite cathode
material in comparison with Sol- Gel traditional technique.

2. Experimental Technic
La0.6Sr0.4Co0.2Fe0.8O3−δ (LSCF) precursor was synthesized by two approaches:
- Sol gel route: in which the Sol-gel method was used [14]. The typical route using high purity analytical
grade metal nitrates La(NO3)3.6H2O, Sr(NO3)2, Co(NO3)2.6H2O and Fe(NO3)3.9H2O dissolved in distilled
water and urea. Then the solution was refluxed and stirred continuously at 200º C for 4 h, and
concentrated to about 2/3 of its volume to get gel precursor. Thermal degradation behavior of the LSCF
was studied using the obtained precursor product to determine the temperature at which perovskite phase
formed using the thermal gravitational analysis (TGA). Precursor was left over- night then calcinated at
900º C and 1100o C for 6 h in air to obtain LSCF cobaltite cathode powders. Calcination process is used
to remove humidity, crystalline water, dissociation of volatile matter and formation of the LSCF crystals.
- Modified sol gel by gamma irradiation: In this process we radiated the yield product from the sol gel
route by different doses of gamma irradiation (20, 250 and 500 kGy), with Cobalt 60 source (Ge 4000A).
The Co-60 ɤ -rays source of NCCRT (India Gamma chamber 4000 A,) was used for the irradiation of the
samples. The samples were subjected to ɤ -rays at room temperature with dose rate 1.347 kGy/h. The
absorbed dose rate of the cell was calibrated using a Fricke reference standard dosimeter (ASTM E 1026,
2004) and verified by a reference alanine dosimeter (traceable to National Institute of Standard and
Technology, USA). The irradiation process was carried out in the central position of the cell that was
calibrated by reference standard dosimeter. Then we calcinated the radiated samples at 1100º C for 6 h.
The samples have been characterized using a fully computerized X-ray diffraction (XRD) technique using
a Philips PW-1730 apparatus with Cu Kα irradiation (λ = 1.5406 Å) in the range of 20°≤2θ ≤ 80° by
continuous scan with tube voltage 40 kv, 40 mA and step size of 0.02°.
Thermo-gravimetric analysis was carried out on TA Q50 in nitrogen atmosphere, and the temperaturerising rate was 10o C/min. Fourier transformation infrared (FT-IR) spectroscopy was recorded on Perkin
Elmer spectrum 100. Morphology of LSCF samples were observed by field emission scanning electron
microscope (FESEM).
Page 3/11

Surface area and porosity measurements were carried out by BET method in nitrogen gas atmosphere
under liquid nitrogen temperature.

3. Results And Discussion
Figure 1. Shows X-ray diffraction patterns of unradiated LSCF powder calcinated at 900 º C and 1100º C.
It revealed that at the calcination temperature of 900° C a minor secondary phase is present and
formation of perovskite phase was not complete [15, 16], but after raising calcination temperature up to
1100º C, it led to formation of pure perovskite.
Figure 2. shows the diffraction patterns of (a) un-radiated and irradiated samples (b) 20 kGy, (c) 250 kGy
and (d) 500 kGy after calcination at 1100 º C for 6 h. All cases produced pure perovskite phase (JCPSD
no. 48–0125) [14].
Mean crystallite size of (a), (b), (c) and (d) samples were determined by X-ray line broadening of
diffraction patterns and the values of 19,18,27 and 42 nm were obtained, respectively[15].
The curves represent TGA results of unradiated and radiated LSCF powder are shown in Fig. 3. It shows
weight changes in different stages. The maximum weight loss for unradiated and radiated samples was
about 55% and 50% in the temperature range 25-327o C, this loss may be due to the dehydration of the
gel. The loss of about 20% for unradiated sample and radiated one in the temperature range 327oC-540o
C is correlated to nitrates. Above 540o C, no weight loss has been observed and the curves represent TGA
results become horizontal [17]. It was observed also that the weight loss in case of irradiated sample
decreased in all stages. This may be due to the loss of volatile matter, humidity and crystallinty’ water
upon heating.
The FTIR spectra of unradiated and radiated LSCF samples are shown in Fig. 4.The entire spectra can be
divided into four main regions, namely, from 4000 to 2500 cm− 1 due to the stretching mode of the
hydroxyl group of bound water molecules. The second region from 2500 to 2000 cm− 1 due to due to
ambient CO2. The third region from 2000 to 1000 cm− 1 due to carboxylate, nitrate groups respectively.
The fourth region due to absorption peaks which appear below 800 up to 400 cm− 1 are caused by the
different kinds of metal oxygen bonds present in the sample which are characteristics peaks for
perovskite [18]; whereas, the absorption peaks appearing beyond 800 cm− 1 are due to the different kinds
of organic ligands [18].
Morphology and microstructure analysis
The specific surface area of the samples was measured by BET technique. It was showed that, higher
value of surface area and porosity for radiated LSCF sample at 20 kGy as shown in Table 1.
Figure 5. Shows FESEM microstructure of non-irradiated and irradiated LSCF powder that are calcinated
at 1100 ᴼ C for 6h. It was observed that the unradiated sample, (a), has a bulky structure while the
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radiated samples (b, c and d) have more refined structure. Among the radiated samples, sample (b) has
the more refined grains with more surface area and more total pores size. This means that the LSCF
sample radiated at low dose (20 kGy-b) has higher porosity than other samples.

4. Conclusion
A promising cobaltite cathode material for (IT- SOFCs) LSCF was synthesized by sol gel and modified sol
gel by gamma routes.
Results showed that method of preparation affects microstructure of the LSCF samples. The XRD
patterns of both routes showed a single-phase of LSCF perovskite material. It was found form BET and
FESEM that LSCF synthesized by irradiation method showed phase perovskite product with more porous
structure and higher surface area at 20 kGy. It can be concluded from the obtained results that the effect
of irradiation was not monotonic behavior.
Additionally the average nano sized crystallites of the radiated LSCF cobaltite cathode material was
smaller than non-irradiated one. So, irradiated LSCF sample with 20 kGy; which has higher porosity, high
surface area and smaller particle size was more convenient for IT-SOFC cathode application than nonirradiated one.
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6. Tables
Table 1. BET surface area and porosity measurements for un radiated and radiated LSCF samples

Item

Un radiated LSCF

Radiated LSCF
20 KG

250 KG

500 KG

Surface area, m2/g

62.943

74.560

50.046

52.342

Total pore volume, cc/g

2.196 e− 02

2.589 e− 02

1.787 e− 02

1.843 e− 02

Figures
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Figure 1
XRD patterns of LSCF powder as a function of calcination temperature: (a) 900ºC for 6 hrs (b) 1100ºC for
6hrs
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Figure 2
XRD patterns of LSCF powder calcined at 1100C for 6 hrs: (a) Non-irradiated sample and irradiated
samples: (b) 20KG (c) 250 KG (d) 500 KG
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Figure 3
Thermogravimetry of LSCF samples for (a) Non-Irradiated sample (b) Irradiated sample
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Figure 4
FTIR of non-irradiated and .irradiated LSCF samples calcined at 1100 0C for 6 hrs.
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Figure 5
FESEM of (a) non-irradiated and irradiated LSCF samples (b) 20 kG (c) 250 KG (d) 500 KG calcined at
1100 C for 6 hrs.
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